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Abstract: Care institutions attending to older adults are responsible for their food supply, which
influences their health and quality of life. Food waste at care institutions has been reported to be
a matter of great concern, that requires regular monitoring. In this study, we aim to quantify food
waste in the food service of an elderly institution, both as leftovers and plate waste. Data collection
was performed over 15 consecutive days, at lunch and dinner served to older adults. The aggregate
weighing of food was performed before and after distribution, as well as after consumption. Leftovers
and plate waste were calculated by the differences in weight. During the study period, 2987 meals
were evaluated, corresponding to 1830 kg of food produced, of which only 67% was consumed. For
each meal, approximately 610 g of food was produced per older adult, and only about 410 g were
consumed, corresponding to 150 g of leftovers and 50 g of plate waste. Food waste represented 36.1%
of meals served, composed of 24.1% leftovers and 12.0% plate waste. The wasted meals would be
enough to feed 1486 older adults and would correspond to annual losses of approximately €107,112.
Leftovers and plate waste were above the limits of acceptability (below 6% and 10%, respectively),
indicating excessive food waste. High values of leftovers are related to the food service system and
staff, pointing to the need for improvements during the planning and processing of meals. On the
other hand, high plate waste values are associated with consumers, indicating the low adequacy of
the menu regarding to older adults’ habits and preferences.
Keywords: elderly institution; food waste; leftovers; older adults; plate waste
1. Introduction
The increasing proportion of older adults over the age of 65 is a reality that has been
emerging over the last decades. It is expected that, in the next 50 years, the proportion of
the elderly in the population will grow significantly; by one estimate, in 2060, there will
be three elderly people for each young person [1]. According to the latest official national
data, in Portugal, about 19% of the population is over the age of 65 and about 4.2% is
institutionalized in care support institutions [2].
Care institutions attending to older adults are responsible for their food supply, which
influences older adults’ nutritional status and consequently their health and quality of life.
Food and meals are a central issue in the life of old people and play a significant role in
elderly institutions [3–5].
The satisfaction of older adults with meals is one of the main factors contribution to
reducing malnutrition and optimizing institutional service [6–8]. High levels of plate waste
contribute to malnutrition-related complications in institutionalized older adults [7–9].
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Inadequate food intake can result from multiple causes associated with the aging process,
such as motor and cognitive constraints, losses of gastrointestinal function (dentition,
swallowing, digestion, etc.), loss of appetite and decreased sensory abilities, among other
physiological processes which may result from pathological situations [9,10]. Several
other causes have been described related to institutionalization itself, the loss of family
or a spouse, isolation and social marginalization, reduction of purchasing power [10–12],
entrenched eating habits, preferences [3,12,13] and the lack of quality of the food ser-
vice [3,14,15].
Food waste assessment allows dietary intake to be estimated and intervention needs
in the food service to be identified. An efficient food service should deliver both good value
meals for older adults and high-quality nutrition with minimal waste. The main goal is to
promote the acceptability of meals, contributing to an adequate nutritional intake while at
the same time minimizing food waste [15]. Waste at a food service is usually associated
with inefficiencies in the food production system, and food waste quantification may be
used as an indicator of service quality [16].
Food waste is a matter of great concern for governments and institutions as it has
financial, environmental, ethical, political and social impacts [17–21]. In food service, it
may occur at all stages of the food production system, including storage, meal preparation,
cooking and distribution [17,21,22]. Monitoring plate waste (corresponding to food that is
served but not consumed) allows for the evaluation of the adequacy of portions in relation
to consumers’ needs as well as menu acceptability [13,23]. According to several authors,
food waste below 10% is considered acceptable [24,25]. Plate waste in hospitals and geriatric
institutions has been found to be higher than in other food service settings [7,10,16,20,22,23].
The objective of this study is to evaluate the food waste at an elderly institution
determined by leftovers and plate waste and its economic impact, with the aim of im-
proving food service efficiency, as well as contributing to the promotion of older adults’
nutritional status.
2. Materials and Methods
This study was developed in a private long-stay geriatric institution with a capacity
of 120 beds. The food service works in a cook-and-serve system with a staff of 10 persons.
The typical meal included a soup, a main dish (meat or fish, carbohydrates and
vegetable sources) or a diet dish and dessert (fruit or sweet). All meals served at lunch and
dinner to 103 older adults during the study period were included. Lunch was served from
12.00 to 13.00 and dinner from 18.00 to 19.00.
Food waste was evaluated by leftovers and plate waste determination, using the
aggregated weighing method by weighing all meal components together.
Leftovers correspond to the food that is prepared and cooked but not served to
consumers, and it is usually associated with inefficiencies of meal planning. To evaluate
leftovers, all containers were weighed empty and after the plating of meals. At the end of
the meal, containers were collected and weighed. The amount of leftovers was determined
by the weight difference between initial and final values. The percentage of leftovers was
calculated by the ratio of leftovers (g) to the food produced (g) [25,26]. According to NHSE
Hospitality, values of 6% are considered acceptable [25].
Plate waste refers to food left on the plate by consumers that is discarded. To evaluate
plate waste, plates were collected after the meal, non-edible items were removed and food
waste was separated into individual garbage bags for the soup, dish, diet dish and dessert.
Food served (g) was determined by the difference between the total food produced (g) and
the amount of leftovers (g). Food consumed (g) was calculated by the difference between
the amount of food served (g) and plate waste (g). The amounts of food served, consumed
and wasted per capita were obtained by the ratio between these values and the number of
meals served. The percentage of plate waste was calculated by the ratio of food discarded
to the food served to older adults [26]. Different guidelines state that values below 10% are
considered acceptable [24,25].
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The hypothetical number of older adults that could be fed with food that was not
wasted was obtained by the ratio between the amount of leftovers (g) or plate waste (g),
respectively, and the individual portion.
Meal cost was determined by taking into account the expenses involved with raw
materials, labor and resources for meal planning and preparation. The cost associated with
plate waste was calculated by the number of older adults that could be fed with plate waste
multiplied by the meal cost.
All weighing was performed on a digital scale accurate to the nearest gram (SECA_
model 851, Germany).
Statistical software package IBM SPSS Statistics, version 22.0 and Excel Microsoft Office
Program Professional Plus 2010 were used for data analyses. Mean, standard deviations
(SD) and maximum and minimum values were used to provide descriptive analysis. The
Mann–Whitney test was used to compare plate waste and leftovers according to the protein
source (meat or fish) and meal (lunch or dinner), and the Spearman correlation was used
to correlate food produced, leftovers and plate waste. The confidence level was set at 95%.
3. Results
3.1. Food Produced, Served, Consumed and Wasted
During the study period, 2987 meals were evaluated, corresponding to about 1830 kg
of food produced, of which only 67% was consumed. Approximately 608 kg was wasted,
corresponding to about 40.5 kg of food wasted per day. For each meal, approximately
610 g of food was produced for each older adult, while only about 410 g was consumed,
corresponding to 150 g of leftovers and 50 g of plate waste.
Food waste represented 36.1% of meals served during the study period, corresponding
to 24.1% of leftovers and 12.0% of plate waste. The food produced, served, consumed and
wasted according to the meal component is presented in Table 1.

















Mean 37.3 28.6 26.5 8.6 2.1 23.1 7.4
SD 3.2 2.6 2.4 1.7 0.4 4.0 1.4
Maximum 46.7 36.4 33.5 10.5 2.9 27.8 9.3




Mean 24.2 18.7 15.4 5.5 3.3 19.5 17.6
SD 10.3 5.3 4.6 6.2 1.3 11.3 5.0
Maximum 65.6 35.0 29.8 30.6 5.8 48.8 27.5




Mean 3.6 2.4 2.1 1.2 0.4 30.5 14.1
SD 1.8 1.08 0.9 0.9 0.3 11.2 8.1
Maximum 7.5 4.5 3.7 3.0 1.0 57.1 30.9
Minimum 1.56 0.67 0.56 0.31 0.0 14.7 0.0
1 SD—Standard Deviation.
Soup leftovers ranged between 12.2% and 27.8%, with an average value of 23.1%, and
plate waste ranged between 4.7% and 9.3%, with an average value of 7.4% (Table 1).
An average value of 19.5% of leftovers was found for the main dish, with the highest
value for a fish dish (48.8%) and the lowest for a meat dish (3.2%). The main dish plate
waste ranged between 9.2% and 27.5%, both corresponding to fish dishes, presenting an
average value of 17.6% (Table 1).
Regarding the diet dish, 16 different types of dishes were included, and leftovers
ranged between 14.7% and 57.1%, with an average value of 30.5%. About 8 kg was wasted
after meal consumption, corresponding to 370 g per older adult. Plate waste ranged
between 0% and 30.9%, with an average value of 14.1% (Table 1).
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Leftovers were above the limit of acceptability for all different meal components (6%).
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(n = 24) 338.1 .9 23.6 43.0 16.6
Fish dishes
(n = 21) 330.5 81.1 24.5 47.5 19.0
p-value * 0.75 0.16 0.03
* p-value according to the Mann–Whitney test at a confidence level of 95%.
Comparing the food produced and wasted during lunch and dinner, leftovers were
higher at dinner (25.9%) than at lunch (22.8%). The same tendency was observed for plate
waste, which was higher at dinner (13.4%) than t lunch (10.9%) (p < 0.05). Considering the
food produced and served per older adult, a higher quantity was observed for lunch than
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Figure 2. Comparison between food produced, served, consumed, plate waste and leftovers by meal
(n = 2987) [25].
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3.2. Food Waste—Social and Economic Impact
Considering the mean portion consumed by older adults, the amount of wasted
meals would be enough to feed 1486 older adults (Table 3). Taking into account the
meal cost, it is possible to estimate that the financial losses resulting from food waste
corresponded to approximately €4458 during the study period and resulted in annual
losses of approximately €107112 (Table 3).






Nº of Older Adults
That Could Be Fed
Cost (Euros)
Study Period During OneMonth
During One
Year
Plate waste 166.1 0.05 406 1219.3 2438.6 29,262.6
Leftovers 441.9 0.15 1081 3243.7 6487.5 77,849.8
Total 608.0 0.20 1487 4463.0 8926.0 107,112.4
4. Discussion
Food waste was determined to be 36% in this study, corresponding to approximately
150 g per capita per meal—far above the limits of acceptability according to previous
studies developed in different settings [9,15,16,18,27]. According to other authors, since
there is no standard limit for food waste, each food service must monitor food waste as a
routine to develop a target and define the limits according to specific characteristics and
consumers [16,18,25]. The values found in this study are considered unacceptable since the
target population includes long-term residents and the number of older adults is constant;
this should allow more accurate estimations of quantities to be produced.
Other authors in an Italian hospital setting reported a food waste value of 41.6% [15].
In a Portuguese case study developed at a hospital, it was observed that plate waste
represented 35% of the food served. The authors showed that 0.5% of the Portuguese
National Health budget is squandered as food waste considering economic losses [18].
In our study, plate waste was higher at dinner. Opposite results were found in a
Spanish study, showing a plate waste of 37.7 ± 29.9% for lunch and 30.4 ± 23.6% for
dinner [9].
Williams and Walton reviewed 32 studies in health settings and showed that plate
waste values ranged between 9.1% and 42.9% [7].
The amount of food waste may be affected by several factors, such as the poor diversity
of the menu, the inadequacy of menus to the food and cultural habits of older adults,
inadequate per capita portions and poor appearance of meals [6,10,12,15,27]. Considering
that meal portions are determined to satisfy the nutritional needs of older adults, high
continuous values of plate waste may compromise their nutritional intake and contribute
to undernutrition, reported as an important concern in this age group [4,9,15].
Monitoring food portions that are effectively plated and evaluating consumer’s intake
and satisfaction may be useful to identify the specific causes of food waste. This may allow
the implementation of measures to avoid waste and optimize foodservice efficiency [15,16].
The use of standard recipes for every meal preparation would enable menu standardization,
contribute to meal planning and decrease food waste. Food handlers’ awareness about
the importance of waste control is essential to engage the whole food service team on this
effort [15,16].
In this study the average amount of plate waste was 12%—slightly above the 10%
recommended. This value was probably related to the target group. Older adults usually
have constraints that affect food behavior, such as physiological changes associated with
aging. Loss of sensorial capacities, difficulties in chewing and other physical limitations
usually compromise food intake, contributing to plate waste [6,9,10,15]. Additionally,
psychological factors such as widowhood, leaving home, depression and loss of cognitive
capacity may also affect food intake. Changes in the food offer and the modification
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of routines also affect food intake and the satisfaction of institutionalized older adults.
Inadequate portioning, the poor appearance of meals, diet inadequacy with regards to
chewing limitations and the absence of assistance during meals are usually associated with
higher values of food waste by older adults [6,8–10,15].
According to Sanga, in a hospital setting, lack of appetite was mentioned by 50%
of consumers as the main factor affecting the acceptance of meals. The causes for poor
appetite are related to aging, medication, poor dentition and loss of sensorial capacity [28].
Additionally, food waste was also related to consumers’ lack of awareness of the environ-
mental/social/economic costs of food waste.
Only soup presented a food waste value in the range of acceptability, pointing to a
higher satisfaction of older adults with this specific food preparation.
The high food waste values found for diet dishes may be related to consumers rather
than to preparation characteristics. This type of meal is mainly served to consumers with
diet restrictions, which is frequently associated with a lack of appetite. On the other hand,
this kind of preparation is usually less flavored and has low amounts of salt. Satisfaction
with food is highly related to sensorial meal characteristics, such as taste, flavor, texture,
temperature and smell [6,8]. Considering the poor diversity of diet preparations and their
poor sensory characteristics, the higher waste values were expected.
Fish-based dishes presented higher leftovers and plate waste values. Constraints
associated to older adults’ loss of hand mobility may contribute to the higher plate waste;
for example, difficulties cutting and removing bones from fish.
Plate waste can be evaluated by weighing food, a visual estimation of the amount
of food remaining on the plate or by a consumer report after the meal. The weighing
method is the most accurate method to evaluate food waste, minimizing the bias associated
with the observer’s subjectivity and to memory and social desires that frequently occur in
visual estimation and self-reporting, respectively [26]. Additionally, in these specific target
group—older adults with some cognitive disabilities—methodologies that do not interfere
with individuals should be preferred.
Taking into account the results from this study, it is important to develop strategies to
reduce food waste. Combined efforts, consisting of engaging employees involved in meal
preparation and distribution, as well as increasing consumers’ awareness about food waste,
are required. Additionally, it is important for each institution to monitor their own food
waste and identify effective strategies to improve the nutritional intake of their vulnerable
users [7].
It is also important to define limits for food waste in different settings in order to
establish institutional goals for food handlers that should be evaluated and monitored
continuously. This goal will help food services to meet the sustainable development
goals: “By 2030, halving per capita global food waste at the retail and consumer levels
and reducing food losses along production and supply chains, including post-harvest
losses” [29].
In order to promote food acceptability by consumers, it is recommended to standardize
processes to ensure the quality of meals. Satisfaction surveys may also be useful to evaluate
older adults’ satisfaction. Consumer participation in menu planning may also be useful to
promote menu adequacy.
5. Conclusions
The value of food waste was 36% in this study, corresponding to approximately
150 g per capita per meal. This amount would be enough to feed 1486 older adults and
corresponds to an annual loss of approximately €107,112.
Leftovers and plate waste were above the limits of acceptability (below 6% and 10%,
respectively), indicating excessive food waste. High values of leftovers are related to the
food service system and staff, pointing to the need for improvements during planning
and processing of meals. On the other hand, high plate waste values are associated to
consumers, indicating low menu adequacy to older adults’ habits and preferences. Control
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of food waste will deliver significant benefits, including a decrease in the amount of
organic residues produced, increases of profits and the improvement of the satisfaction
and nutritional status of older adults.
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